The energy budget of Marsupenaeus japonicus postlarvae (PL) fed highly unsaturated fatty acid-enriched (EA) and non-enriched (NEA) Artemia nauplii was determined by equating energy intake (EI) with the summation of energy channeled to feces (F ), metabolism (M ), excretion (U ), growth (G) and exuvia (Ev). Stage PL4 (mean wet weight 1.14 ± 0.31 mg, 14 days post-hatching) of M. japonicus were reared in six 80 L circular tanks, with three replicates, and fed EA and NEA for 21 days. The EI was calculated from the energy content of consumed nauplii, M was calculated from the summation of energy for routine metabolism, active metabolism and heat increment based on oxygen consumption, U was calculated from urinary loss based on ammonia excretion, G was calculated from energy increase based on weight gain, Ev was calculated from energy loss based on molting and F was obtained from the difference between EI and the total of the other variables. The values of EI, M and U were expressed as a function of the wet body weight (W ) of PL in a power function: EI, M or U = aW b , where a and b were estimated by least squares regression after a logarithmic transformation of the raw data. After 21 days, the growth rate of PL fed EA was higher than those fed NEA. The daily ingested energy of 5 mg wet wt of M. japonicus PL was partitioned as follows: 13.9% to fecal loss, 50.9% to metabolism, 4.8% to urinary loss, 24.6% to growth and 5.8% to exuvia for the EA group; 40.2% to fecal loss, 28.9% to metabolism, 4.0% to urinary loss, 21.8% to growth and 5.2% to exuvia for NEA group. Assimilation and gross conversion efficiencies were higher, but net conversion efficiency lower, in the EA group compared with the NEA group. The higher essential fatty acid intakes in the EA improved the growth of PL due to better assimilation.
INTRODUCTION
Artemia nauplii are widely used as a live food in commercial marine fish and crustacean larval production. 1 Artemia nauplii contain very low contents of n-3 highly unsaturated fatty acid (HUFA) and are especially deficient in docosahexaenoic acid (DHA). 2 In contrast, HUFA is essential for the normal growth and survival of crustaceans, such as Marsupenaeus (formerly Penaeus) japonicus, Penaeus orientalis, Macrobrachium rosenbergii and Palaemon paucidens, due to the limited ability of these species to bioconvert the C 18 polyunsaturated fatty acids (PUFA) into n-3 HUFA, such as eicosapentaenoic acid (EPA) and DHA. 3 In addition, EPA and DHA have been reported to be essential fatty acids for Fenneropenaeus (formerly Peneaus) chinensis 4 and Litopenaeus vannamei. 5 Thus, to address this problem, various HUFAenrichment techniques for Artemia nauplii have been developed. 1 Although the positive effects of HUFA on crustacean larvae are well documented, a comparative analysis of the energy budget between shrimp larvae fed HUFA-enriched diets and those fed nonenriched diets is lacking. Such a comparison will not only provide information on the partitioning of the energy intake into several measurable variables, but will also elucidate the role of HUFA in shrimp performances. Hence, a comparative energy budget analysis will aid in better understanding the physiology of shrimps, such as gastrointestinal function and mechanisms related to food digestibility. Studies on the energy budget of shrimps (e.g. Penaeus monodon 6 and Farfantape-naeus paulensis 7 ) were reported on larval stages. However, research dealing with early postlarval stages is relatively scarce. Shrimp postlarvae (PL) are a 'critical stage' for cultivation due to their high mortality rate. 8 Moreover, successful shrimp farming depends on a regular supply of healthy PL, which must survive well in a rearing environment to achieve adequate growth and production. At early PL stages, successful development depends on the efficient utilization of endogenous and exogenous energy sources. 9 In the present study, the energy budget of Marsupenaeus japonicus PL was presented based on an input-output model equating energy intake with the energy allocated for metabolism, growth, assimilation, excretion and exuviae. 6, 7, 10 Energy input can be approximated by energy derived from ingested foods, whereas energy output is related to metabolism in terms of respiratory demand and to excretory loss by way of feces, non-fecal matter and the exuvia during molting. Because we conducted a series of experiments to determine and compare the energy budget of larval marine species fed HUFA-enriched (EA) and non-enriched (NEA) Artemia nauplii, the present paper reports the study on the energy budget of the kuruma shrimp M. japonicus PL fed EA and NEA.
MATERIALS AND METHODS

Preparations of Artemia nauplii
Cysts of Artemia from Great Salt Lake (Aquafauna Biomarine, Hawthorne, CA, USA) were purchased from a commercial supplier and used for the experiments. The hatching and enrichment methods have been reported previously by Sumule et al. 11 and the proximate composition, size and fatty acid compositions of the nauplii are given in Table 1 .
Feeding trial of PL shrimps
Ovigerous shrimps were purchased from Matsumoto Suisan (Miyazaki, Japan), transported to the laboratory (Faculty of Fisheries, Kagoshima Artemia nauplii were given to larvae three to six times daily to maintain their density at 5-10 nauplii/mL during the 21 day feeding trial.
The initial wet weight of each PL was determined after rinsing a predetermined amount of PL (40-150 individuals; 10 replicates), whereas the final wet weight was measured individually after the feeding trial from each LR tank. The PL were rinsed with freshwater to remove salts and were dried quickly with absorbent tissue prior to weight measurement. The initial dry weight of PL was determined by placing approximately 1000 PL (in triplicate) from the stock tank into a predetermined vial and then freeze-dried to a constant weight. A similar procedure was performed for determining the final dry weight of larvae from the LR tanks. The dried samples for dry weight measurements were then used for the proximate analysis, constituting triplicate samples for each dietary treatment. During the feeding trial, the experiments for energy intake determination, O 2 consumption and ammonia excretion were also conducted using PL selected at random from the LR tanks. The PL used in the latter experiments were included in the total surviving PL for the calculation of survival rate in the feeding trials
Measurements of energy intake
For energy intake (EI ) measurement, a total of 20 PL for both EA (1.9-56.7 mg wet weight) and NEA (2.7-48.9 mg) groups were used. Measurements were conducted from day 2 to day 20 of the feeding trial, at one or two measurements daily. Three larvae were selected at random from each LR tank, transferred into a 2 L glass beaker, half-filled with filtered seawater and moderately aerated, and starved for 6 h. Water conditions in the beaker were maintained similar to those of the LR tanks. The starved PL, selected at random from the beaker, were then transferred individually into small bowls, each containing 50 mL seawater, filtered by a 0.45 mm filter, and 500 Artemia nauplii. Bowls were placed in a water bath equipped with a thermostat to maintain the water temperature in the bowl similar to that in the LR tanks and were moderately aerated by a small air stone. Nauplii density per bowl was counted every 30 min and, if necessary, a predetermined amount of nauplii was added into the bowl to maintain their density as in the LR tanks. After 6 h, a PL was removed from a small bowl, rinsed in fresh water and weighed. The feed intake of PL in each bowl was obtained from the difference of nauplii numbers before and after 6 h of feeding. Data were extrapolated to a daily basis (24 h ) and plotted against the wet weights of PL.
Measurements of oxygen consumption and ammonia excretion
Postlarvae were obtained at random from the LR tanks and placed in a beaker, as for the EI measurement. After 6 h starvation, PL in the beaker were fed Artemia nauplii at densities similar to those of the LR tanks. Approximately 1 h after feeding, satiated PL were removed and placed individually in a respiration chamber filled with 7 mL seawater that was fully aerated, after being irradiated and filtered, and connected to an oxygen meter (model 781; Strathkelvin Instrument, Glasgow, UK). Water from the LR tanks flowed continuously around the respiration chamber, thus maintaining equal temperatures between the chamber and LR tanks. The PL were acclimated to the chamber for approximately 10 min before measurements, because pre-experimental observations indicated similar movement patterns of the PL in the chamber and the LR tank. Thereafter, water in the chamber was renewed carefully with the same filtered and aerated seawater using a small pipette. The concentration of O 2 in the water in the chamber was recorded every 5 min for 30 min. Mean O 2 depletion was considered as the O 2 consumption of the PL for 5 min. At the end of each O 2 measurement, 5 mL seawater was collected from the respiration chamber for the determination of ammonia content. The difference between ammonia contents of the water with and without PL was considered as the ammonia excretion (U ) of PL. After each trial, the weight of the PL was measured, as in the EI trials. The O 2 measurements above are defined as post-prandial O 2 consumption (PO). Similar procedures were conducted to determine the O 2 consumption of PL that were starved for approximately 6 h, which is defined as routine O 2 consumption (RO). Data were adjusted to a daily basis and plotted against PL wet weight.
The heat increment (HI ) of the PL was defined as the difference between PO and RO. The total number of PL (EA-fed and NEA-fed, respectively) used in the trials was 19 and 19 for each treatment for RO and 22 and 21 for PO.
Measurements of O 2 consumption and ammonia excretion were conducted from day 3 to day 14, at one to three measurements daily. The size range of PL used in the measurement of O 2 consumption and ammonia excretion was 1.5-16.4 mg.
Calculations of energy budget and efficiencies
The energy budget of PL shrimp was modeled as follows (modified from Koshio 10 ):
where EI is energy intake, F is energy loss for feces, M is energy loss for metabolism, U is energy loss for ammonia, G is energy used for growth and Ev is energy loss for exuvia. Energy loss for metabolism, M, is subdivided into energy for routine metabolism (Mr), heat increment by feeding (HI) and activity (Ma). Because Ma was not measured directly in the present study, it was estimated as follows:
10 Ma = 0.543Mr
Variables EI, M and U were adjusted to a daily basis and each plotted against the wet weight (W ) of larvae following a power function:
Coefficients a and b were estimated by a leastsquares linear regression after log-transformation of the raw data:
Energy values were calculated using the conversion factors 19.37 ¥ 10 -3 J/mL O 2 consumption 12 and 24.85 ¥ 10 -3 J/mg ammonia excretion. 13 The energy content of the exuvia was assumed to be 4% of the energy content of a larva. 6 Finally, F was obtained from the difference between EI and the summation of M, U, G and Ev, thus completing the energy budget. In the present study, the calculation of the energy budget was based on 5 mg wet weight of PL. For comparison, variables were expressed on a daily basis.
Assimilation, gross growth and net growth efficiencies were calculated (modified from Koshio) 10 as follows:
where A/E is the assimilation, K1 is the gross growth efficiency and K2 is the net growth efficiency
Chemical analysis
Protein and lipid contents were measured using the Kjeldhal and chloroform-methanol extraction methods, 14 respectively. Energy values were determined using a bomb calorimeter (OSK 150; Ogawa Sampling, Saitama, Japan), whereas the ammonia concentrations in water were obtained based on the methods of Strickland and Parsons. 15 The fatty acid composition was analyzed following the methods of Teshima et al. 16, 17 
Statistical analysis
Regression analysis was conducted using Kaleida Graph (Abelbeck Software, version 3.0.5; Synergy Software, Reading, PA, USA). Differences in larval performance between EA and NEA groups were compared by one-way ANOVA (Super-ANOVA; Abacus Concepts, Berkeley, CA, USA). Intercepts and slopes of the regression lines between treatments for each variable were compared by covariance analysis (ANCOVA). 18 Significant differences were established at P < 0.05.
RESULTS
Chemical analysis of Artemia nauplii
The proximate composition, size and fatty acid profiles of EA and NEA are compared in Table 1 . The mean dry weight of EA was significantly higher than that of NEA. Enrichment significantly increased the total lipid content of nauplii from 20 to 25.5% in dry matter, whereas the protein content was similar. The energy value of EA was also slightly higher, although this difference was not statistically significant compared with that of NEA. Docosahexaenoic acid was significantly higher in O Sumule et al. EA than in NEA. However, EPA was similar between the two groups.
Feeding trial
Mean wet weight and specific growth rate after 21 days of the feeding trial were significantly higher in the EA group than in the NEA group ( Table 2 ). The survival rate of the EA group was slightly lower than that of the NEA group, but a statistically significant difference was not detected. Postlarvae fed EA contained higher crude lipid than those fed NEA in whole body, although no significant difference in body energy contents was found. The concentrations of EPA and DHA in PL body after 21 days of the feeding trial were significantly higher in the EA group than in the NEA group.
Determination of FI and EI
The FI (nauplii/PL per day) and EI (J/PL per day) of shrimp larvae fed EA and NEA increased with larval wet weight (W, mg) following the equations given: for EA-fed PL, FI = 66. (Fig. 2) and the NEA-fed group (Fig. 3) were not statistically different in terms of slopes, but they were significantly different in intercepts. Similarly, the intercept of PO lines in the EA-fed PL was significantly higher than that of the NEAfed PL. The parallelism of the lines agrees well with the expected constancy of larval heat increment (HI = PO -RO) in animals, regardless of size. However, HI was greater in the EA group than in the NEA group (cf. Figs 2,3) . The inter- Data are the mean ± SEM; n = 3 for all except initial weight (n = 10). *P < 0.05 compared with NEA. SGR (specific growth rate = ((ln(mean final wet body weight) − ln(mean initial wet body weight))/21) × 100.
† Average from duplicates of pooled samples (% area). d.p.h., days post hatch.
Fig. 1
Relationship between wet body weight (mg) and energy intake (J/day) of Marsupenaeus japonicus postlarvae fed highly unsaturated fatty acid-enriched (EA) and non-enriched (NEA) Artemia nauplii.
cepts of RO lines were similar between EA and NEA groups, but significantly different in terms of slope. The higher slope of RO in the EA group than in the NEA group indicates that the latter consumed lower O 2 for routine metabolism than the former. Similarly, U (mg NH 4 -N/day) increased exponentially with PL weight as follows: for EA-fed PL, U = 9.87W 0.6186 (R 2 = 0.84; n = 21); for NEA-fed PL, U = 9.74W 0.5742 (R 2 = 0.76; n = 21). The regression lines of U were not statistically different in a and b between the EA and NEA groups (Fig. 4) .
Energy budget
The energy budget of prawn PL (5 mg wet wt) is summarized in Table 3 . The energy allocated for metabolism in the EA group was markedly higher than in the NEA group. The amount of energy lost to U (ammonia) and Ev (exuvia) was not significantly different between the groups. Assimilation (A/E ) and gross growth (K1) efficiencies were higher and net growth efficiency (K2) lower in the EA group than in the NEA group.
DISCUSSION
It was shown in the present study that the HUFA enrichment resulted in a significant increase in the total lipid content of Artemia nauplii, whereas the protein content remained similar. Docosahexaenoic acid was markedly higher in EA than in NEA, as expected. In addition, the mean dry weight of EA nauplii was significantly bigger than that of NEA nauplii. This indicates that HUFA enrichment could supply not only DHA, but also increase lipid and energy contents of Artemia, together with weight increases of Artemia.
In the present study, the food or energy intake of M. japonicus PL increased with size, as was seen for the larval American lobster Homarus americanus 19 and the early juvenile stages of the penaeids P. setiferus 20 and F. paulensis. 7 The similar energy intake between EA and NEA groups suggests that both EA and NEA have similar palatability for M. japonicus PL. Penaeus monodon at an early PL stage (size 71.1 mg dry weight) requires 3.09 J/day energy, 6 which is comparable to that of M. japonicus (3.46 J/ day of similar PL weight) in the present study. In addition, Chu and Shing 21 reported that the daily food consumption of Metapenaeus ensis was approximately 80 Artemia nauplii for PL6-PL8, whereas the daily food consumption was approximately 100 nauplii for PL10-PL14. Our present results also show similar values for Artemia consumption. The PL6 of M. japonicus (wet weight 1.60 and 1.58 mg for EA-and NEA-fed PL, respectively) consumed 94 and 93 nauplii of EA and NEA daily, respectively, whereas PL10 (wet weight 3.12 and 2.98 mg for EA-and NEA-fed PL, respectively) consumed 153 and 146 nauplii, respectively. In contrast, the daily consumption of Artemia is lower than that reported in P. marginatus 22 (200 nauplii/ day at early PL), P. indicus (100-200 nauplii/day at PL1-PL3), 23 but higher compared with P. kerathurus 24 (56 nauplii/day for mysis 2-3 and 87 nauplii/day for PL1-PL3). The differences in nauplii consumption among species seem to be associated with size, although consumption is possibly affected by environmental conditions, shrimp species, source of Artemia cyst used in studies, culture regimens, design of the feeding experiments, methods of computation for ingestion rates and so on.
The weight exponents (b) of post-prandial and routine O 2 consumption in NEA-fed PL were 0.536 and 0.566, respectively, whereas the comparative values were 0.678 and 0.677 in EA-fed PL. The significantly higher b values in EA groups indicate, in general, greater O 2 consumption than in the NEAgroup for the same wet weight, possibly due to increased metabolic rate and growth resulting from enrichment in the former group.
There have been reports on b values estimated on a dry weight basis of larval and juvenile shrimps, which can be compared with our present results by factoring out the moisture content of PL. In the present study, moisture content at initial and final measurements slightly decreased with PL size and, assuming a linear trend, the daily decrement was 0.111 and 0.145%/day for EA-fed and NEA-fed PL, respectively. Hence, these moisture rates can be factored out from the wet weights of PL in the present study for comparison with published b values based on dry weights. On a dry weight basis, the b values for post-prandial and routine O 2 consumption in EA-fed PL were 0.667 and 0.662, respectively, whereas the comparable values were 0.516 and 0.543 in NEA-fed PL. In H. americanus, the b value of post-prandial O 2 consumption was 0.64 and 0.69 in larval and juvenile stages, respectively, whereas it was 0.61 for routine O 2 consumption for both stages. 19 In addition, the b value of Farfantepenaeus paulensis growing from PL5-PL12 was reported to be 0.697. 25 In general, O 2 consumption rates of shrimps seem to be similar to those of teleost fish and are affected by many factors, such as temperature, life stage and diet quality. 26 For instance, in the larvae of the penaeid Macropetasma africanus, the b value of routine metabolism increased from 0.799 to 0.959 as the temperature increased from 15 to 25∞C. 27 Carvalho and Phan 28 also reported that the b value for adult penaeid Xiphopenaeus kroyeri fed fresh polychaetes (Diopatra) and squid (Loligo) ranged from 0.77 to 0.82 depending on the temperature. In P. monodon, a higher b value of 1.09 for routine metabolism was reported in lower stages (Z1-PL1). 6 In M. japonicus, a higher amount of energy intake was channeled to M in the EA group than in the NEA group, mainly due to the greater increment of O 2 consumption (OC) upon feeding in the former. At a PL size of 5 mg, the OC increase by feeding was approximately twofold greater in the EA group than in the NEA group. The OC increment by feeding in early juvenile stages of American lob- Methods of measurement are as follows: F is the difference between EI and a summation of G, M, U and Ev; G was calculated using the specific growth rate value, then converted into joule; larval energy was measured using bomb calorimetry; Ev was calculated as 4% of the energy content of larva sized 5 mg web weight; EI, M and U were obtained from power functions of each variable at larval size 5 mg wet weight;
ster fed NEA was approximately 47% of OC at routine condition, 19 which is close to 43% of PL fed NEA in the present study. Chu and OvsianicoKoulikowsky 29 reported that the OC increment by feeding in M. ensis larvae was approximately 70% of OC at routine condition. Because M. ensis larvae were fed a formulated diet in the study of Chu and Ovsianico-Koulikowsky, 29 the nutritive value of diets would be a factor that affects the metabolism. It was reported that several factors, such as the nutritive value of diets, life stage and species of specimens and environmental conditions (e.g. salinity), 30 affect the metabolism of crustaceans. The OC increment by feeding is widely known as the heat increment (HI), which reflects the energy requirements for numerous physiological and biochemical processes related to feeding, including ingestion, digestion, absorption and assimilation. 31 Moreover, HI also reflects the increase in the synthesis of protein and lipids associated with growth, as well as the secretion of digestive enzyme and active transport of the product of digestion across the gut mucosa. 26 In a comparative analysis, Kiør-boe et al. 32 concluded that HI is largely related to biosynthesis and metabolic transport, whereas feeding, gut activity, amino acid oxidation and urea excretion are of lesser importance. Thus, HI represents the cost of growth and a high growth rate tends to reflect a high HI. 31 This hypothesis agrees well with our results, where a higher HI was found in the faster-growing PL group fed EA compared with that fed NEA.
In the present study, a higher dietary concentration of HUFA in EA may also improve digestive enzyme activity of the shrimp larvae. Le Vay et al. 33 reported that trypsin activity in the larvae of P. japonicus fed Chaetoceros gracilis, which is rich in HUFA but low in protein, was up to sixfold higher than in larvae fed non-enriched Artemia sp. Thus, the increase in enzyme activity tends to produce a greater digestible energy, which, in turn, requires a proportional energy as HI for conversion into growth through physiological and biochemical processes. In a similar observation on the American lobster fed several kinds of diets, a higher HI was found to be proportional to a higher digestible energy of the ingested food. 34 Routine metabolic rates are often higher in wellfed animals than in those subjected to long periods of malnutrition or starvation. 26 This metabolic difference has been attributed to the biochemical composition of the body tissue, the relative sizes of different organ systems and the increasing rates of synthesis and turnover of various tissue components. Because the EA group showed a significantly higher slope of the RO-weight relationship than did the NEA group in the present study, the higher slope in EA is probably due to the greater HUFA, total lipid and energy content of the former.
In the present study, urinary loss was determined by the amount of ammonia excreted (U) because ammonia is the main product of protein catabolism in penaeids. 35, 36 Cockroff and McLachlan 37 noted that NH 4 -N is approximately 85% of the total non-fecal excretion in marine shrimp. In the present study, the body wet weight exponent (b) of NH 4 -N excretion for both the EA and NEA groups was 0.619 and 0.574, respectively, which corresponds to 0.600 and 0.553, respectively, on a dry weight basis. The latter estimates are comparable to b = 0.595 found in F. paulensis fed NEA nauplii, 25 but are markedly lower than the b = 0.880 in adult X. kroyeri fed fresh polichaetes and squid. 28 To our knowledge, there are limited data on b values of ammonia excretion in shrimp larvae and juveniles. In fish juveniles and adults, the b values generally range from 0.47 to 0.95. 26 In the Japanese flounder larvae, b values were 0.72 and 0.41 for larvae fed EA and NEA, respectively. 11 The excretion rate of NH 4 -N in shrimps is affected by diet composition, such as protein content 38, 39 and larval stage, 9 as well as temperature and salinity. 28, 30 From an energetics viewpoint, energy loss as ammonia in PL sized 5 mg in the present study (4.8 and 4.0% of the total energy intake for EA and NEA, respectively) is still comparable with that found in juvenile American lobster (3.0-4.3%) 10 fed formulated diets, but the values were lower in early stages of the same species (1.3-2.0%) 19 fed non-enriched Artemia. Lemos and Phan 7 found that energy loss by ammonia from Z1 to M3 of F. paulensis ranged from 1.0 to 2.0%, indicating that urinary loss in larval stages is much smaller than in juveniles or adults. After metamorphosis, crustaceans may not be able to catabolize proteins more effectively.
Assimilation efficiency (A/E) was higher in PL fed EA than those fed NEA. The higher A/E in EAfed PL was attributed to the greater energy channeled to G and M. Kurmaly et al. 6 found A/E = 16.3% in PZ1-PL1 of P. monodon fed green flagellates Tetraselmis chui and Artemia nauplii. Those differences would be due, in part, to differences in life stages, which were higher in our study (PL4-PL25). Larval digestibility is relatively poor in lower stages and enzyme activity, such as trypsin, tends to increase significantly with size, 40 thus resulting in higher A/E. Moreover, the higher A/E found in M. japonicus PL may be related to their more developed digestive system compared with that of larval stages. For instance, the digestive system of P. setiferus becomes developed completely more than 4 weeks after metamorphosis, 41, 42 which corresponds to the stage of M. japonicus in the present study. O Sumule et al. Gross growth efficiency (K1) of 5 mg M. japonicus PL was higher in those fed EA than NEA. In American lobster, K1 was found to range from 26.2 to 39.5% in larvae and juveniles fed NEA, whereas it ranged from 31 to 44% for juveniles fed a formulated diet. 10 In Macrobrachium larvae fed formulated diets, K1 ranged from 4 to 51%. 43 The net growth efficiency (K2) was higher in NEA-fed than EA-fed PL, owing to the lesser energy loss for metabolism in the former group. It was found that K2 was 68.5% from ZI to PL1 in P. monodon, 6 whereas it was 45.6% from PZ1 to PL3 in F. paulensis. 7 Moreover, K2 for the 15.9 mg larvae of the American lobster was 50%. 19 Although the present study on M. japonicus PL shows that EA tends to increase both growth and metabolic activity compared with NEA, our K1 and K2 data for both EA and NEA groups are still within the range so far obtained in other larval crustaceans.
Therefore, it can be concluded that HUFA enrichment of Artemia allocated more energy into growth, with a lowering of feces energy loss, for the PL of M. japonicus. This study further demonstrated that M. japonicus PL fed EA exhibited higher energy allocation for metabolism than those fed NEA, which led to higher growth rates through greater physiological and biochemical processes in the former group.
